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Abstract. The inverted-V field-aligned acceleration region existing in the altitude 
range of several thousand kilometers plays an essential role for the magnetosphere- 
ionosphere coupling system. The adiabatic plasma theory predicts a linear 
relationship between field-aligned current density (Jll) and parallel potential drop 
, where K is the field-ahgned conductance We examined (•l[), that is, Jll- K•ll ' 
this relationship using the charged particle and magnetic field data obtained 
from the Akebono (Exos D) satellite. The potential drop above the satellite was 
derived from the peak energy of downward electrons, while the potential drop 
below the satellite was derived from two different methods: the peak energy of 
upward ions and the energy-dependent widening of electron loss cone. On the 
other hand, field-aligned current densities in the inverted-V region were estimated 
from the Akebono magnetometer data. Using these potential drops and field- 
aligned current densities, we estimated the linear field-aligned conductance Kj•. 
Further, we obtained the corrected field-aligned conductance K• by applying the 
full Knight's formula to the current-voltage relationship. We also independently 
estimated the field-aligned conductance KTN from the number density and the 
thermal temperature of magnetospheric source electrons which were obtained by 
fitting accelerated Maxwellian functions for precipitating electrons. The results 
are summarized as follows: (1) The latitudinal dependence of parallel potential 
drops is characterized by a narrow V-shaped structure with a width of 0.4ø-1.0 ø. 
(2) Although the inverted-V potential region exactly corresponds to the upward 
field-aligned current region, the latitudinal dependence of upward current intensity 
is an inverted-U shape rather than an inverted-V shape. Thus it is suggested that 
the field-aligned conductance K• changes with a V-shaped latitudinal dependence. 
In many cases, ti'• values at the edge of the inverted-V region are about 5-10 times 
larger than those at the center. (3) By comparing K• with KTN, K• is found 
to be about 2-20 times larger than KTN. These results suggest that low-energy 
electrons such as trapped electrons, secondary and back-scattered electrons, and 
ionospheric electrons significantly contribute to upward field-aligned currents in the 
inverted-V region. It is therefore inferred that non adiabatic pitch angle scattering 
processes play an important role in the inverted-V region. 
1. Introduction 
Characteristics of precipitating particles responsible 
for aurora were studied in detail over three decades. 
From in situ measurements of auroral electrons by sound- 
ing rockets and satellites at various altitudes, it was 
found that the energy spectra of precipitating electrons 
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are characterized by superposition of a monoenergetic 
beam of 1-10 keV electrons and continuum spectrum of 
low-energy electrons less than a few hundred eV [e.g., 
Albert, 1967; Evans, 1968; Westerlund, 1969]. The 
sharply peaked energy spectra are explained by down- 
ward acceleration of precipitating electrons through a 
field-aligned potential difference of 1-10 kV. 
Spatial structures of the field-aligned acceleration re- 
gion have been derived from particle data obtained by 
polar orbiting satellites. Frank and Ackerson [1971] 
showed using INJUN 5 particle data that the peak 
energies of downward electrons varied rapidly within 
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a latitudinal width of several tens or a few hundreds 
kilometers. This structure is called "inverted V" from 
the shape seen in the energy-versus-time spectrogram. 
Inverted-V events mostly occur in the discrete aurora 
region located poleward of the diffuse aurora region. 
Therefore it is expected that the inverted-V electron 
precipitation events correspond to the discrete auroras 
or auroral arcs. 
The field-aligned potential drops within the inverted- 
V structure can be estimated from particle data based 
on the theory of adiabatic particle motion [e.g., Whip- 
ple , 1977; Chiu and Schulz, 1978]. The potential drop 
above the satellite altitude is derived from the peak en- 
ergy of downward electrons, while the potential drop 
below the satellite altitude is derived from the energy- 
dependent widening of electron loss cone distribution 
or from the peak energy of upward ions. Using two- 
dimensional velocity-space (vii - v_k) distribution func- 
tions obtained from S3-3 satellite observations, Mizera 
e! al. [1981] estimated field-aligned potential drops 
above and below the satellite. Reiff e! al. [1988] also 
estimated the field-aligned potential drops using DE 1 
and DE 2 particle data at two points on auroral field 
lines: DE 1 at high altitude (9000-15,000 kin) and DE 
2 at low altitude (400-850 km). 
Although the exact expression for the relation be- 
tween the field-aligned current and the potential drop is 
fairly complex, Knigh! [1973] and Fridman and Lemaire 
[1980] theoretically showed that current density is lin- 
early proportional to field-aligned potential drop in the 
case of Bi•/BM >> e(I)ll/kT >> 1, where B•r and BM 
are the magnetic strengths at the top of the potential 
drop and at the ionosphere, respectively, (I)11 is the par- 
allel potential drop and T is the thermal temperature of 
magnetospheric source electrons. In this linear Ohm's 
law, field-aligned current density becomes larger in the 
presence of a parallel potential drop because the par- 
allel potential drop widens electron loss cone around 
field-aligned upward direction. The linear Ohm's law 
was observationally confirmed by Lyons et al. [1979], 
Weimer et al. [1985, 1987] and Lu et al. [1991]. Using 
particle data derived from rocket observations, Lyons et 
al. [1979] calculated the net energy flux of auroral elec- 
trons and estimated field-aligned conductance values of 
1 x 10- •ø-9.6 x 10- •ø mho/m 2. They also found that 
the net downward electron number flux is strongly de- 
pendent upon the lower energy limit of the observations. 
Weimer et al. [1987] estimated the conductance within 
narrow(•-.20 km) current sheets by using DE 1 electric 
field data, and obtained values between 10 -8 and 10 -9 
mho/m 2. Using DE 1 and DE 2 data, Lu et al. [1991] 
estimated the conductance to be about 0.5- 2.2 x 10 -9 
mho/m 2. Note that the estimated values of the field- 
aligned conductance mentioned above are different from 
each other. This appears to be partly due to insufficient 
accuracies in measurement techniques, particularly in 
electric field measurements. It is important to estimate 
the accurate value and the spatial variation of the field- 
aligned conductance since the parallel conductance is
one of the key parameter in magnetosphere-ionosphere 
coupling models [e.g., Lysak, 1985; Kan and Cao, 1988]. 
Several researchers found that in the inverted-V po- 
tential region the thermal temperature of downward ac- 
celerated electrons is proportional to the potential drop. 
Using DMSP satellite data, Shiokawa and Fukunishi 
[1991] have shown that the heating rate is in the range 
of 5-40% of the total parallel potential drop. Concern- 
ing ion heating, Reiff et al. [1988] have suggested that 
an ion-heating process due to two-stream instability be- 
tween hydrogen and oxygen ions exists in the acceler- 
ation region. It is likely that the heating processes of 
electrons and ions in the inverted-V acceleration region 
cause the discrepancy between the actual parallel po- 
tential drop and the potential drop derived from the 
peak energy of electrons or ions. Since the distribution 
functions of electrons and ions in the inverted-V region 
are highly anisotropic, various types of plasma instabil- 
ities are expected to occur in this region. These plasma 
instabilities are considered to be source of planetary ra- 
dio waves [e.g., Oya, 1974; Wu and Lee, 1979; ]. 
As mentioned above, field-aligned currents, parallel 
potential drops, and the heating processes of auroral 
particles are coupled to each other in the inverted-V 
acceleration region. The low-energy charged particle 
experiment on the Akebono satellite gives us informa- 
tion on rapid temporal and spatial variations in energy 
and pitch angle distributions of electrons and ions at al- 
titudes of 4000-10,000 km in the inverted-V region. In 
addition, from the Akebono high-time resolution mag- 
netometer experiment data we can examine the small- 
scale structures of field-aligned currents in the inverted- 
V region. Using these particle and magnetic field data, 
we estimate the field-aligned conductance by two inde- 
pendent methods, which are described in the next sec- 
tion. The purpose of this study is to clarify the charge 
carries of field-aligned currents in the inverted-V ac- 
celeration region by examining the spatial structures 
of the field-aligned conductance. It is shown that the 
field-aligned conductduces derived by the two indepen- 
dent methods are not in agreement with each other. 
It is also suggested that low-energy electrons such as 
trapped electrons, secondary, and backscattered elec- 
trons and ionospheric electrons significantly contribute 
to upward field-aligned current in the inverted-V region. 
2. Instrumentation and Data Analysis 
2.1. Instrumentation 
The Akebono (Exos D) satellite was launched at 2330 
UT February 21, 1989, into a semipolar orbit with an 
inclination of 750 for comprehensive studies of auroral 
physics. The satellite has an initial perigee and apogee 
of 274 km and 10,500 kin, respectively, with an orbital 
period of 212 min. This orbit enables us to directly 
observe the auroral particle acceleration region existing 
several thousand kilometers above the auroral oval. The 
spacecraft is spin-stabilized with a period of 8 s around 
the axis pointing to the Sun. A magnetic field detector 
(MGF) and a low-energy particle detector (LEP) are 
installed on board the Akebono satellite. 
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The MGF whose data we use for the present investi- 
gation is a triaxial fluxgate magnetometer [Fukunishi et 
al., 1990]. The four dynamic ranges, +1024 nT (range 
0), 4-4096 nT (range 1), 4-16384 nT (range 2), and 
4-65536 nT (range 3), are selected automatically de- 
pending on the measured field intensity. The ranges of 
three sensors are changed independently. The resolu- 
tion for four ranges are 4-0.015 nT (range 0), 4-0.063 
nT (range 1), +0.25 nT (range 2), and +1 nT (range 
3). The sampling rate is 32 magnetic field vectors per 
second. Magnetic field data obtained from the Akebono 
satellite are originally defined in sensor coordinates (X, 
Y, Z) and include both the Earth's internal magnetic 
field component and the perturbation field component 
originated from external sources. The data defined in 
sensor coordinates (X, Y, Z) are converted to those in 
local geophysical coordinates (r, 0, •) using the satel- 
lite attitude data, and then the internal magnetic field 
is subtracted using the IGRF 1985 model and the satel- 
lite orbit data. Field-aligned current density Jll (A/m2) 
can be calculated from perturbation magnetic field. In 
this study, current densities are calculated using an infi- 
nite current sheet method without assuming the current 
sheet being aligned with L shell [Fukunishi et al., 1993]. 
The LEP whose data we use in the present investiga- 
tion measures energy per charge (E/q) and pitch angle 
distributions of electrons and positive ions [Mukai et 
al., 1990]. The energy ranges covered by LEP are 10 
eV to 16 keV for electrons and 13 eV/q to 20 keV/q for 
ions. The energy scanning time is 0.9065 s and energy 
resolution is 29 steps. The LEP data are divided into 
18 pitch angle ranges at intervals of 100 from 0 ø to 1800 
for each energy range and are averaged over the spin 
period (8 s). Thus 8 s averaged data of 18 pitch angle 
ranges are obtained for each energy range. 
2.2. Estimation of Potential Drop Above the 
Satellite Altitude 
The kinetic model of collisionless plasma is used to 
estimate the field-aligned potential drops above and 
below the satellite altitude, the temperature and the 
number density of source electrons, and the relation- 
ship between the upward field-aligned current and the 
field-aligned potential drop. In most cases it is possi- 
ble to assume that magnetospheric electrons have an 
isotropic Maxwellian distribution. When the upward 
potential drop (I>11 exists along the field line, precipitat- 
ing electrons gain energy by ½(I>11. In this case, from 
Liouville's theorem, differential number flux of down- 
ward field-aligned electrons I(E) (electrons cm- • sec- • 
st- • eV- •) is given by: 
I(E) = (2m,)-} (7rkT) • exp kT ,I (E->ecI>[I) 
(1) 
where E is the energy of particle, N, is the number 
density, rn, is the electron mass, T is the thermal tem- 
perature. This distribution function, known as acceler- 
ated Maxwellian, has a peak at the energy of E = 
However, actual distribution functions do not fall to 
zero below E = erI>ll since energy-degraded primary 
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Figure 1. Examples of energy spectra of downward electrons and upward ions observed by the 
Akebono LEP instrument in the inverted-V acceleration region. Dashed lines indicate the peak 
energies, while a solid curve in the electron energy spectrum represents he best-fitted accelerated 
Maxwellian function. 
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electrons and secondary electrons occupy this region 
[Evans, 1974]. When the Akebono satellite moves across 
the field-aligned acceleration region, the potential dif- 
ference above the Akebono satellite q?EœE can be es- 
timated from the peak energy of downward electrons 
measured by the LEP instrument. An example of the 
energy spectrum of downward electrons is shown in Fig- 
ure la. This energy spectrum is averaged for a pitch an- 
gle range of 10ø-200 and a time interval of 8 s. The peak 
energy is clearly found at ~1000 eV. Electron fluxes in 
the energy range less than the peak energy are backscat- 
tered degraded primary electrons and secondary elec- 
trons. The number density N, and the thermal energy 
T of primary magnetospheric electrons are obtained by 
the least squares fitting of (1) to the energy spectrum 
of downward electron flux. An example of the fitting 
is also shown in Figure la. The fitting is performed to 
the electron energy spectrum in the energy range higher 
than the peak energy of ~1000 eV, and the fitted curve 
is represented by a solid curve. A small amount of flux 
close to one count rate is excluded in this fitting. We 
use mainly electron energy spectra in the pitch angle 
range of 10ø-200 for the accelerated MaxwellJan fitting 
analysis of downward electrons since the energy spectra 
of electrons in the pitch angle range of 0ø-100 (field- 
aligned downward direction) are often incomplete for 
the averaging time of 8 s due to the measurement ge- 
ometry of the Akebono particle detector. This is due 
to a fact that the chance of particle detector viewing in 
the field-aligned direction is less than a perpendicular 
direction in this analysis. 
2.3. Estimation of Potential Drop Below the 
Satellite Altitude 
The potential difference below the satellite is ob- 
tained by two independent methods using the peak en- 
ergy of upward ions (q?IoN) and the width of the elec- 
tron loss cone ((I)œ$). The distribution function of up- 
ward flowing ions has a peak when a potential difference 
exists. An example of upward ion energy spectrum ob- 
tained from the Akebono LEP data is shown in Fig- 
ure lb. The peak energy is clearly seen at ~3400 eV. 
Although heating processes of upward ions may cause 
degradation of the peak energy, it is assumed that in 
this study the peak energy coincides with the field- 
aligned potential drop. In contrast with the pitch angle 
distribution of downward electrons, accelerated upward 
ion fluxes show a concentration in the field-aligned di- 
rection. In the present analysis, in the period from 
November 1989 to February 1990, the direction of the 
Akebono satellite spin axis was close to the direction 
of ambient magnetic field when the satellite crosses the 
auroral oval. Thus the pitch angle range of 170ø-1800 
was sometimes not completely covered. This may cause 
an error when a potential difference is estimated from 
the observed flux peak. On the other hand, since ion 
conics can "fold up" and also appear to be beams at 
high altitudes, we have to exclude ion beams of conics 
for the estimation of the field-aligned potential drop. 
In contrast with the pitch angle distribution of upward 
flowing ions which are accelerated through the parallel 
potential drop, ion conics does not show a concentration 
in the field-aligned direction. Thus we can distinguish 
between upward flowing ions accelerated through the 
parallel potential drop and ion conics and estimate po- 
tential drop from the peak energy of the upward flowing 
Ions. 
The angular boundary of the electron loss cone 0œs 
is given by [Cladis and Sharp, 1979]' 
1 
OLS _ sin-l I Bo J•o -- t•(l•O -- l•I) }• , (2) 
where B is the magnetic field intensity, (I) is the elec- 
trostatic potential, Eo - 1/2m,(Vllo 2 + Vño2), and sub- 
scripts o and I represent the observation point and the 
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Figure 2. Schematic diagrams showing the procedure 
for the estimation of the field-aligned potential drop 
from the widening of electron loss cone. (a) Relation 
between the pitch angle distribution predicted from the 
adiabatic theory and the observed pitch angle distribu- 
tion. (b) Fitting of equation (2) with a least squares 
method to get the field-aligned potential drop. 
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Figure 3. Example of the estimation offield-aligned potential drop from the energy-depehdent 
widening of electron loss cone. (a) A pitch angle distribution f upward 1.3-keV electrons. (b) 
Fitting of equation (2 i to the estimated values of the loss cone boundary with a least squ.are 
method. (c) A contour map of electron velocity space distribution function.. The estimated 
values of the loss cone boundary are represented by do[ted curves:, while the loss cone boundary 
obtained in (b) is represented by a solid curve. A dotted curve indicates the case without the 
potential drop below the satellite. , 
19,347 
larger the potential difference (':I)•r- •)o) becomes, the 
wider the loss Cone angle becomes. The procedure for 
the estimation of the potential drop frøm the width of 
electron loss cone is given as follows: Figure 2a shows a
schematic pitch angle•distribution of electrons. It is 
pected from the theory of adiabatic particle motion that 
the electron pitch angle distribution has a step function- 
like boundary at OLS, which is defined by (2), and that 
there is no flux inside the loss cone boundary. However, 
observed electron pitch angle distributions usually show 
a boundary with a gradual slope as shown in Figure 2a. 
By supposing that this is due to the effect of pitch angle 
scattering, we define the loss cone boundary Ozs as the 
pitch angie where the flux is reduced' to half of the flux 
outside the loss cone. By performing this fitting.prO- 
cedure at 20 energy Steps We ,get a data•'set Of energy 
versus los  cone boundary. Then we fit the relation 
(2) to this data set tO obtain •the potential difference 
((I,/- ½I'0), as schematically shown in Figtire 2b. 
Examples of the løss cone boundary determihed for 
observed electron pitch angle distributions are shown in 
Figure 3..First, a polynomial fUnctiOn curve of t he fifth 
degree is fitted •o the pitch angle di•tributlon meastired 
at each energy step by the regression methød, as shown 
in Figure 3a. Next, the flux level outside of the loss cone 
area is determined at the location of the flux peak just 
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outside the loss cone, which is indicated by a horizontal 
dashed line in Figure 3a. Then, the loss cone boundary 
0œs is determined as the pitch angle at which the flux 
is reduced to hal f of the flux level outside the loss cone 
area. By repeating this fitting procedure at 20 energy 
steps higher than i00 eV, the loss cone boundary is 
determined at 20 different energies. 
The obtained values of the loss cone boundary are 
plotted as a function of energy in Figure 3b. The parai- 
lel potential drop below the satellite is estimated to be 
1450 eV by fitting (2) with the least squares method. 
The standard deviation of this fitting is also shown in 
this figure. In this fitting, however, we excluded the 
cases in which largely scattered values are included in 
the pitch angle distributions probably due to rapid tem- 
porM variations. Figure 3c shows a counter map of ve- 
locity space distribution function of electrons obtained 
by the Akebono LEP. The solid curve represents the 
obtained loss cone boundary, while the dotted curve 
represents the case in which the potential drop below 
the satellite is assumed to be zero. 
2.4. CUrrent-Voltage Relationship 
In the following derivation the contribution of upward 
going ionospheric ions to field-aligned currents is not 
considered and only the contribution of precipitating 
electrons is considered. Assuming the source electrons 
with an isotropic Maxwellian distribution, the collision- 
less kinetic theory gives the field-aligned current density 
at the ionospheric altitude by [Knight, 1973] 
kT)x JII eNe 2trine 
X•m  1-- -- exp kT(B• _ (3) 1) 
where subscripts ! and M denote the ionosphere and 
the magnetosphere, respectively, and <I>11 is the potential 
drop along magnetic field. 
When B!/BM >> e•ll/kT > 1, (3) reduces to a linear 
Ohm's law: 
where 
Jll- K(I)]l (4) 
e2Ne 
K- (2•rmekT)X/2 (5) 
which has been defined as the field-aligned conduc- 
tance [Weimer et al., 1985]. The value of the con- 
duct•nce depends on the humber density Ne and the 
thermal temperature T of source electrons and can be 
expressed as [ Weimer e! al., 1987] 
K- 2.7 x 10 -s N_••, (mho/m2) (6) 
where N, and T are given in units of cm -3 and eV. 
Thus the field-aligned conductance is estimated in tw ø 
independent ways' one is derived by dividing Jll by (I)ll 
and is denoted as Ks• in this study, and the other is 
derived from Ne and T using (6) and denoted as KTN. 
Note that the difference betweeh the linear Ohm's 
law and the full Knight's formula given by (3) depends 
on the value of e•/kT; Ks• increases with decreas- 
ing e•/kT [Fridman and Lemaire, 1980]. Here we in- 
troduce the correction factor c• for the linear approxi- 
mation of Knight's formula by using the full Knight's 





eNe (•) «•"•'• {1- 0 B, )exp k?T( •_•_i)] J 
e2N• 
(8) 
The thermal temperature and the number density ob- 
tained by the accelerated Maxwellian fitting are used in 
(8) to calculate the correction factor a. It is further 
assumed that Bi/BM is 25. Then, the corrected field- 
aligned conductance KsC• is given by 
Further, the values of the current density JI1 derived 
from the Akebono magnetic field data are converted 
to the values at the ionospheric level using the IGRF 
1985 model in order to estimate the field-aligned con- 
ductance. Since the total potential drop (I)11 is deter- 
mined using the particle data averaged over the spin 
period of 8 s, the current density Jll is also averaged for 
one spin period. 
3. Results of Data Analysis 
3.1. Criteria for Selecting Inverted-V Events 
The inverted-V-type field-aligned acceleration region 
is characterized by occurrences of downward accelerated 
electrons which have a flux peak in the energy range of 
several hundreds eV to several keV, or by occurrences of 
upward accelerated ions which have a peak in the same 
energy range. Electron burst events, which are often 
observed near the poleward boundary of the nightside 
auroral oval, can be distinguished from the inverted-V- 
type events since the electron burst events are charac- 
terized by enhancements of electron energy fluxes over 
a wide energy range from around 10 eV up to 1 keV 
with field-aligned pitch angle distributions [Fukunishi 
et al., 1993]. In this study we Selected the inverted- 
V events by following criteria: (1) Both of downward 
accelerated electrons and upward accelerated ions are 
observed. (2) The peak energies of downward electrons 
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Figure 4. Example of inverted-V events observed by the Akebono satellite on December 3, 1989. 
The top 'and third panels represent energy-latitude spectrograms for electrons and ions, respec- 
tively. The second and fourth panels represent pitch angle-latitude spectrograms for electrons and 
ions, respectively. The fifth panel shows the geographic east-west and north-south components 
of perturbed magnetic field. The bottom panel' represents the current densities derived from 
magnetic field data. Magnetic local time (CMLT), altitude (ALT), and universal time (UT) of 
the sa, tellite observation are given at the bottom. 
or upward ions are more than ~100 eV, and the lati- 
tudinal extent of the acceleration region is more than 
-,•100 km. This criterion does not mean that the lati- 
tudinal extent of individual inverted-V events is more 
than -,•100 km because most of the acceleration region 
consists of several inverted-V events. (3) The pitch an- 
gle distributions of downward accelerated lectrons are 
almost isotropic outside of loss cone, while upward ac- 
celerated ions are collimated in field-aligned direction. 
During the period from November 1989 to February 
1990, inverted-V-type electron acceleration events ac- 
companied by upward flowing ions were observed in the 
whole local time above the auroral oval in the north- 
, 
ern hemispherel However, there are some differences in 
the spatial structures of dayside and nightside events. 
For example, upward flowing ions in the dayside show 
more fine structures. Therefore we have examined only 
nightside events in this study. We selected 11 orbits 
which crossed the nightside sector from 1500 to 0700 
MLT at altitudes from 4000 to 10,000 km. Field-aligned 
potential drops above and below the satellite and tem- 
peratures and densities of source electrons and current 
densities were estimated for each event. Particle data 
ß 
covered almost the whole pitch angle range. 
A typical inverted-V event is shown in Figures 4 
and 5. This event was observed at ~0630 UT on De- 
cember 3, 1989, in the recovery phase of a substrom 
with the maximum geomagnetic depressions of •260 
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Figure 5. Latitudinal variations of potential drops and field-aligned current densities obtained by 
the Akebono Satellite on December 3, 1989. (tOp) Latitudinal variations of the temperature and 
the numbe r d.ensi•ty ofsource lectrons obtained by the accelerated-Maxwellian f tting method. 
(second) Latitudinal variations of the potential drop above the satellite stimated from the peak 
energy of precipitating electron s' and the total potential drop, which is the sum,of the peak ene•rgy 
of precipitating electrons and that of upward ions. (third) Latitudinal variation s of poten.tial drops 
below th e satellite independently estimated from the energY-dependent widening of electron loss 
cone and the Peak energy of upward ions. (forth knd fifth) LatitUdinal variations ofperturbed 
magnetic fieldS'and current densitie s plotted in the same format • Figure 4. 
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nT. The Kp index during this event was 3+. Figure 
4 shows the field-aligned acceleration event observed 
by the Akebono satellite. The format is different from 
the standard presentation for energy-time spectrogram: 
Figure 4 shows energy spectrograms of electrons and 
ions on a linear scale for corrected magnetic latitude 
in order to compare the latitudinal structures of the 
inverted-V acceleration region obtained from many or- 
bits. Thus the top two panels show the energy-latitude 
and pitch angle-latitude diagrams of electrons with a 
116-step gray scale code, respectively, while the third 
and fourth panels show those of ions, respectively. In 
the energy-latitude diagrams the maximum differential 
energy flux at each energy step during the 8-s spin pe- 
riod are displayed, while in the pitch angle-latitude di- 
agram, the maximum differential energy flux at each 
pitch angle step during the spin period is represented. 
The fifth panel represents the geophysical east-west 
and north-south components of perturbation magnetic 
fields, which are deviations from the IGRF 1985 mag- 
netic field. The bottom panel represents current den- 
sities estimated from the magnetic field data using an 
infinite sheet current approximation. Positive values in- 
dicate currents flowing away from the ionosphere, while 
negative values indicate currents flowing into the iono- 
sphere. Corrected magnetic latitude (CLAT), magnetic 
local time (CMLT), altitude (ALT), and universal time 
(UT) of the satellite position are given at the bottom. 
The satellite traversed the dawn side auroral oval along 
the meridian of ~0500 MLT from high latitude toward 
low latitude at altitudes of ~7000 km. 
Burstlike upward field-Migned electrons were observed 
at ~73.8 o CLAT, and this region corresponded to the 
downward current region. Equatorward of this region, 
accelerated electrons with a sharp peak in the energy 
spectrum appeared in the latitude range from 73.6 o to 
71.8 ø CLAT, and upward flowing ions were observed in 
almost the same region from 73.5 o to 71.9 o CLAT. Two 
regions with inverted-V structures are found in both 
the electron and ion spectrograms. Note that upward 
currents with current densities of ~0.2-0.3/•A/m 2 ap- 
peared in the latitude range from 73.6 o to 71.8 o CLAT, 
that is, in the region of accelerated electrons and ions, 
and that the spatial structure of the upward currents 
coincided with the inverted-V structure even in the 
fine structure. The diffuse precipitation region of elec- 
trons and ions of a few keV was located in the latitude 
range less than ~74 o CLAT superimposed on inverted- 
V events. At latitudes less than ~71.9 ø, that is, at the 
low-latitude side of the inverted-V region, the diffuse 
electron precipitation region coincides with the down- 
ward current region. 
Figure 5 shows the latitudinal variations of the poten- 
tial drop above and below the satellite, and the thermal 
temperatures and the number densities of source elec- 
trons. The top panel represents the latitudinal vari- 
ations of temperatures and number densities of source 
electrons obtained by fitting accelerated Maxwellian (1) 
to downward accelerated electrons. The second panel 
represents the latitudinal variations of the potential 
drops above the satellite (•EœE) estimated from the 
peak energy of precipitating electrons, and the total 
potential drops (•TOT) which is the sum of the peak 
energy of precipitating electrons and the peak energy 
of upward flowing ions. The third panel represents the 
variations of potential drops independently estimated 
from the energy-dependent widening of the electron loss 
cone (•œs) and from the peak energy of upward flowing 
ions (•ION). The fourth and bottom panels represent 
the variations of perturbed magnetic fields and current 
densities, respectively, plotted in the same format as 
Figure 4. 
Two regions with inverted-V potential structures are 
clearly identified in the latitudinal distribution of the to- 
tal potential drop in the second panel. The maximum 
value of the total potential drop in the high-latitude 
side inverted-V event is twice as large as that in the 
low-latitude side inverted-V event. The thermal tem- 
perature and the number density of source electrons are 
also larger in the high-latitude side event than in the 
low-latitude side event. In the third panel it is found 
that the inverted-V structure derived from the width of 
the electron loss cone •;s is almost identical with that 
derived from the peak energy of upward ions •ON, al- 
though there is a tendency that the difference between 
•œs and •ON becomes greater near the center of the 
inverted-V region. The maximum difference is ~700 
eV at ~72.3 o CLAT. The discrepancies in the potential 
drops derived from the peak energy of upward ions and 
the width of electron loss cone are statistically exam- 
ined later. It is also evident that the upward current 
region corresponds to the inverted-V potential region, 
although the latitudinal structures of current density 
are inverted-U-shaped rather than inverted-V-shaped. 
3.2. Spatial Structure of Potential Drops 
The parallel potential structures as shown typically in 
Figures 4 and 5 were obtained for 22 inverted-V events 
observed on 11 orbits of the Akebono satellite. Al- 
though the values of •;s were almost identical to those 
of •ON, as shown in Figure 5, in some events the val- 
ues of •LS were much larger than those of •rON. This 
result may suggest he existence of a nonadiabatic pro- 
cess. Since errors in the estimation of potential drop are 
inferred to be larger in •zs than in •ON, we give total 
potential drops as a sum of the peak energies of down- 
ward electrons and upward ions (•sl:•s + •rON). The 
difference between •rON and •;s is discussed further 
in section 4. 
Figure 6a shows the latitudinal dependence of total 
potential drops superimposed for 22 inverted-V events. 
The origin of the relative latitude in Figure 6a corre- 
sponds to the location of the maximum total potential 
drop, namely, the center of the inverted-V structure. 
The parallel potential drop at the center of the inverted- 
V structure is found to have values of 1-10 kV. Figure 
6b shows that the latitudinal structure of total poten- 
tim drops normalized by the maximum potential drop 
of each inverted-V event. These potential distributions 
are characterized by narrow V-shaped structures with 
widths of 0.4ø-1.00 . 
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by the maximum value of each inverted-V event is also 
shown in Figure 7b. From a comparison between Fig- 
ure 7b and Figure 6b, it is apparent that the latitudi- 
nal structure of current densities is highly complicated, 
but there is a tendency that the latitudinal distribu- 
tion of upward current is inverted-U-shaped rather than 
inverted-V-shaped. It is also found that the upward 
current region corresponds to the inverted-V potential 
region. 
20 Inverted-V events 
_ , , I [ [ 
........................................ 
0.5 0 -0.5 
Relative Latitude(deg) 
Figure 6. (a) Latitudinal distributions of total poten- 
tial drops, •ELE + ½I'•ro:v, superposed for 22 inverted-V 
events. The origin of relative latitude corresponds to 
the location of the maximum total potential drop, that 
is, the center of the inverted-V structure. (b) Similar 
to (a) except that total potential drops are normalized 
by the maximum value of each event. 
3.3. Latitudinal Structure of Field-Aligned 
Current Density in the Inverted-V Potential 
Region 
Using magnetic field data, field-aligned current densi- 
ties were estimated for 20 inverted-V events. Here, two 
events out of 22 events were omitted due to the condi- 
tion that the estimated direction of the current sheet 
was close to the satellite orbit direction. Field-aligned 
current densities at satellite altitude were converted •o 
the values at the ionosphere level assuming the current 
continuity and using the IGRF 1985 model. Figure 7a 
shows the latitudinal dependence of field-aligned cur- 
rent densities superposed for 20 inverted-V events. The 
definition of the relative latitude is the same as that of 
Figure 6. The maximum values of upward field-aligned 
current densities mapped on the ionospheric level were 
in the range of 0.7-10.1 t•A/m 2. The latitudinal dis- 
tribution of field-aligned current densities normalized 
(b) 20 Inverted-V events 
• o.5 
-0.5 
0.5 0 -0.5 
Relative Latitude(deg) 
Figure 7. (a) Latitudinal distribution of field-aligned 
current densities superposed for 20 inverted-V events. 
The definition of relative latitude is the same as that 
of Figure ½. (b) Similar •o (a) except hat field-aligned 
current densities are normalized by the maximum value 
of each event. 
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3.4. Latitudinal Structure of Field-Aligned 
Conductance 
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Figure 8a shows that the superposed latitudinal dis- 
tribution of the field-aligned conductance Ks• which 
was derived from the upward current density mapped 
to ionosphere and the total potential drop (equal to 
Jll/(I)ToT). The origin is the center of the inverted-V 
region. The values of the parallel conductance Kj• are 
found to be in the range of 10-s-10 -xø mho/m 2 for 
these 20 inverted-V events. The latitudinal variation of 
field-aligned conductance is well shown in Figure 8b in 
which Kj• values are normalized by the mean value of 
each event. Note that Kj• changes with a V-shaped 
latitudinal dependence. In many cases, Kj•, values are 
about 5-10 times larger in the edge of the inverted-V 
region than in the center. 
The latitudinal distribution of K• is plotted in Fig- 
ure 9a for 20 inverted-V events. Figure 9bshows the • 101 latitudinal distribution of K• normalized by the mean 
*• 5 
(a) 
_ .• 10 ø 
• 10 -• 
-, , I , , , , 
0.5 0 -0.5 
Relative Latitude (deg) 




i 20 iverted-V events 
[ 
' x : 
x • x 
0.5 0 -0.5 
Relative L•titude (deg) 
Figure 8. (a) Latitudinal distribution of the field- 
aligned conductance Kj•, (equal to Jll/(I)ToT), super- 
imposed for 20 inverted-V events. The definition of the 
relative latitude is the same as that of Figure 6. (b) 
Similar to (a) except that Ks•, values are normalized 
by the mean value of each event. 
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Figure 9. (a) Latitudinal distribution of the cor- 
rected field-aligned conductance K'f• superposed for 20 
inverted-V events. The definition of the relative latitude 
is the same as that of Figure 6. (b) Similar to (a) ex- 
cept that K• values are normalized at the mean value 
of each event. 
value of each event. The V-shaped latitudinal depen- 
dence is still evident. Ky• values at the edge of the 
inverted-V region are •5-10 times larger than those in 
the center region. Therefore, we cannot attribute these 
V-shaped latitudinal structures to the usage of the lin- 
ear approximation of Knight's formula. 
The field-aligned conductance can be also derived 
from thermal temperature and number density of mag- 
netospheric source lectrons using the relation (6). Ther- 
mal temperatures and number densities were estimated 
by fitting accelerated Maxwellian to downward accel- 
erated electrons. Latitudinal distributions of thermal 
temperatures and number densities derived for 22 
inverted-V events are shown in Figures 10a and 10b. 
These origins are the center of the inverted-V region. 
There is a tendency that thermal temperatures in the 
center region of the inverted-V event are greater than 
those in the edge region. This is supposed to be due 







• 10 -2 
10 -3 
O.5 0 -O.5 
Relative Latitude(deg) 
' ' I ' ' ' ' : ' ' ' ' I ' ' 
22 Inverted-V Events 
Ne 
I I I I I I, ! : I I I I I I I 
O.5 0 -O.5 
' Relative Latitude(deg) 
Figure 10. Latitudinal distributions of (a) the ther- 
mal temperature and (b) the number density of mag- 
netospheric source electrons derived by the accelerated 
Maxwellian fitting and superposed for 22 inverted-V 
events. The definition of the relative latitude is the 
same as that of Figure 6. 
to heating of downward accelerated electrons in the 
inverted-V potential region. On the other hand, the 
latitudinal variation of the number density is small. 
Using these thermal temperatures and number den- 
sities, field-aligned conductances, denoted by KTN, are 
obtained by (6), and the result is shown in Figures 11a 
and 11b. Although the V-shaped latitudinal depen- 
dence is seen in the distribution of KTN, such tendency 
is weak compared with the latitudinal dependence of 
field-aligned conductance derived from the field-aligned 
current density and the total potential drop shown in 
Figure 9. 
Finally, we examine the relationship between the 
field-aligned conductances Kf• and IQrN. The ratios 
between Kf• and KTN is shown as a scatter plot in Fig- 
ure 12 using 105 data points of 20 inverted-V events. It
is apparent that in most cases values of Kf• are 2-20 
times larger than those of KTN, and that this tendency 
exists over a wide range of KTN. 
4. Discussion 
4.1. Characteristics of Parallel Potential Drops 
Independently Estimated From the Ion and 
Electron Data 
The result of the present data analysis clearly demon- 
strates that the particle data of the Akebono satellite 
are very useful for estimating the values of field-aligned 
potential drops above and below the satellite. The par- 
allel potential drops above the satellite were derived 
from the peak energies of downward electrons, while 
the parallel potential drops below the satellite were de- 
rived from the energy-dependent widening of electron 
loss cone or the peak energy of upward flowing ions. 
As demonstrated in Figure 5, in most cases poten- 
tial drops below the satellite obtained from the width 
of the electron loss cone ((I>œs) are consistent with those 
obtained from the peak energy of upward ions (•rON). 
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Figure 11. (a) Latitudinal distributions of the field- 
aligned conductance KWN obtained from the thermal 
temperature and the number density of source elec- 
trons. The definition of the relative latitude is the same 
as that of Figure 6. (b) Similar to (a) except that KTN 
values are normalized by the mean value of each event. 
SAKANOI ET AL.' CURRENTS AND PARALLEL POTENTIAL DROPS 19,355 
10 -7 
10 -8 _ 
10 -9 
10 -10 
10 -11 ,F 
10-• 
o_ •• øø ,/ 
o o øo 
0 0 
10-•0 10 -9 .,10 -8 
KTN (mho/m") 
o o oo 
. 
o ø•ø•./ 
o o 0O%Oo 
o cø 8o/ 
105 data points 
I i I - 
10 -? 
Figure 12. Scatter plot of K• versus KTN for 105 
data points of 20 inverted-V events. 
of the difference between (I)Io N and (I)œs for 22 inverted- 
V events examined in this study. The definition of the 
relative latitude is the same as that of Figure 6. Al- 
though (I)Ls is found to be almost identical to ':I)IoN, 
the difference between (I)Ls and (I)ioN becomes large 
in the central part of the inverted-V structure in some 
cases. 
To investigate the cause of such a discrepancy, we 
have examined the characteristics of electron and ion 
pitch angle distributions in detail. For example, Fig- 
ure 14 shows the energy spectra of upward flowing ions 
in the pitch angle range of 170ø-1800 and the contour 
maps of electron velocity-space distribution functions 
for an inverted-V event observed at ,-• 0914 UT on 
February 7, 1990. Universal time (UT) and corrected 
magnetic latitude (CLAT) are also represented in this 
figure. A well-defined peak is seen in the energy spec- 
trum of upward ion flux. In the electron contour maps 
negative values of parallel velocity indicate upward di- 
rection and electron loss cones are seen around this di- 
rection. 
The latitude region where a large discrepancy be- 
tween ß L s and •oN is found is located from 71.20 
to 71.00 CLAT. This latitude region corresponds to the 
contour maps and the energy spectra of Figure s 14c 
and 14d. Note that the loss cones in the low-velocity 
part less than ,-•20000 km/•ec (,-•1.1 keV) in electron 
distribution eOntours in Figures 14c and 14d are filled 
with enhanced field-aligned electron fluxes. As a re- 
sult, the loss cone boundaries become unclear in these 
cases. Especially in the contour in Figure 14c, counter- 
streamingl low-energy electroni are observed, and this 
may suggest the preience of turbulent parallel electric 
fields. Further, it is found that an energy peak in ion 
energy spectra is fairly broad in Figures 14b and 14c. 
Using DE 1 and DE 2 particle data, Reiff et al. [1988] 
suggested that the peak energy of upward ions was de- 
graded because of the heating within the acceleration 
region. Reiff et al. [1988] also showed that the po- 
tential drop estimated from the width of electron loss 
cone obtained by the DE I high-altitude observation 
was sometimes larger than the total potential drop ob- 
tained nearly simultaneously by the DE 2 low-altitude 
observation, which suggests the overestimation of the 
potential drop derived from the electron loss cone. The 
previous study is consistent with the result presented 
here. Thus it is inferred that the large discrepancy be- 
tween •LS and (l)ION at the center of the inverted-V 
region is caused partly by the error in estimation of 
(I)Ls due to the highly distorted electron loss cone, and 
partly by the degradation of upward ion peak energy. 
These results suggest that nonadiabatic processes are 
important at the center of the inverted-V region. More- 
over, when the loss cone boundary is highly distorted, as 
shown in Figure 14c, (I)Ls becomes considerably large 
(more than 10 kV), since it is difficult to determine 
precisely the boundary from the distorted electron loss 
cone. 
4.2. Discrepancy Between K• and KTN 
In the present study the field-aligned conductance 
has been estimated by following two methods. The 
first method derives the field-aligned conductance in- 
dicated as Kj• using the field-aligned current density 
estimated from magnetic field data and the parallel po- 
tentiM drop estimated from peak energies of downward 
electrons and upward ions. The second method de- 
rives the field-aligned conductance indicated as KTN 
using the thermal temperature and the number density 
of source electrons which are estimated by the accel- 
erated Maxwellian fitting procedure. Further, in order 
to estimate the values of I*:j• in the range of small 
e(I)ll/kT more accurately, we corrected the field-aligned 
conductance Ka • as !(•% using the full Knight formula. 
When field-aligned currents are carried only by magne- 
tospheric electrons as suggested by Evans [1974], the 
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Figure 13. Latitudinal distribution of the difference 
between the potential drops of (I)Ls and •2•ON. The 
definition of the relative latitude is the same as that of 
Figure 6. 
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Figure 14. Examples of energy spectra of upward ions and contour maps of electron distribution 
function in an inverted-V event observed at 09.14 UT, Februa?y 7, lgg0. In each contour map, 
negative velocity parallel to the magnetic field line represents upward direction. The values of the 
peak energy of upward ions and the potential drop derived from the energy-dependent widening 
of electro n loss cone are also represented in each spectrum and contour map. 
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value of KTN must be equal to the value of K•C,. In 
comparing K•C, with KTN it was, however, found that 
the values of K•c, are 2-20 times larger than those of 
KTN. For the spatial structures ofK j, or KaC,, the V- 
shaped latitudinal dependence was found in most cases, 
and the values of Ks, or K•c, were about 5-10 times 
larger at the poleward and equatorward edges of the 
inverted-V region than those at the cen•er region. 
However, in order to confirm whether the discrepancy 
between I•_f•, and KTN and the latitudinal variation 
seen in Ky• are real or not, we must evaluate the er- 
rors in the estimation of Jll, (I)ToT, T, and Ne. In the 
derivation of Jll from perturbed magnetic field data, 
we assumed an infinite current sheet model. In gen- 
eral, the field-aligned acceleration region is supposed to 
extend in the east-we•st direction with a sheetlike struc- 
ture from the sheet structure of corresponding auroral 
arcs. Fung and Hoffman [1992] showed that the infi- 
nite current sheet model holds quite well in deriving 
the actual field-aligned current density distribution ex- 
cept near both e•ds (within one current element width) 
of a field-al•igned current sheet. From their model cal- 
culation the error in the estimation f Jll under the fi- 
nite current sheet assumphon is inferred to be less than 
10%. The error in the estimation of the total poten- 
tial drop (I)TOT given by (I)zœz + (I)•oN is inferred to 
be small within the energy resolutions of the electron 
and ion detectors ince we determined the peak ener- 
gies of downward electrons and upward ions us!ng the 
energy spectra with a clear single peak. In the esti- 
mation of T and Ne using the accelerated Maxwellian 
fitting method, the calculated curves fitted well to the 
energy spectra of electrons above the peak energy as 
shown in Figure l a. Thus the error in estimatlng T is 
inferred to be small. However, the error in the estima- 
tion of Ne is usually larger than that of T, since Ne is 
calculated from the intercept of the fitted curve. Fur- 
ther, a channeltron detection efficiency of the particle 
detector is assumed to be 100%, though the detection 
efficiency may sometimes not reach 100%. Therefore, 
there is a possibility that the error of Ne becomes more 
than a factor of 2. However, it is concluded that the dis- 
crepancy between KaC, and KTN still ekists even if the 
errors estimated above are taken into account because 
K•c, are 2-20 times larger than KTN in most cases. 
4.3. On the Origin of the Discrepancy Between 
KaC, and KTN 
Figure 10 shows an inverted-V-shaped latitudinal de- 
pendence of T, suggesting th.e presence of electron heat- 
ing. There is a possibility that the values of KT N de- 
crease due to increases in the the temperature T. Reiff 
et al. [1988] and Shiokawa nd Fukunishi [!991] showed 
a linear relationship •etween the thermal temperature 
T derived from the accelerated MaxwellJan fitting and 
the potential drop above the satellite (I)zœZ as given by 
kT- kTo + Ae(I)zl:z (9) 
where A is the heating rate, and To is the original 
thermal temperature of electrons in the magnetospheric 
source region. The heating rate A was found to be 
0.1-0.15 [Reiff et al., 1988] and 0.05-0.4 [Shiokawa and 
Fukunishi, 1991]. Here we calculated the original ther- 
mal temperature To by assuming a heating rate of 0.2 
and corrected KTN using To instead of T. The scatter 
plot of KaC, versus corrected KTN is shown by solid cir- 
cles in Figure 15. The scatter plot of K•c, versus KTN 
without the correction is also shown by open circles in 
this figure. The total number of solid circles is smaller 
than the total number of open circles since the cases in 
which To becomes negative due to the overestimation of 
the heating rate are omitted here. It is evident that the 
discrepancy between K•, and KTN still exists even if 
the heating rate is assumed to be 0.2. ThUs we cannot 
attribute a large discrepancy between Kjc, and I(TN to 
the electron heating in the inverted-V region. 
Another source for the discrepancy between K•c• and 
KTN is the underestimation of the parallel potential 
drop due to the energy-degraded diffusion. Reiff et al. 
[1988] suggested that the degradation of the peak en- 
ergy is greater for ions than for electrons and showed 
that the potential drop derived from the peak energy of 
upward ions is typically 30-50% smaller than that de- 
rived from the width of electron loss Cone. However, it 
is likely that the potential drop derived from the energy- 
dependent widening electron loss cone i s overestimated 
as discussed in the previous section. Thus it is reason- 
able to infer that the real potential drop is in the range 
between the value derived from the peak energy of up- 
ward ions and that derived from the energy-dependent 
widening of electron loss cone. 
As discussed above, 'it is difficult to explain the dis- 
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Figure 15. Scatter plot of K j, versus KTN for 20 
inverted-V events. Open circles are the same as shown 
in Figure 12. Solid circles indicate the scatter plot of 
K•c, versus KTN in the case of the electron heating rate 
of 0.2. 















•'igure 16. Schematic diagram of the inverted-V ac- 
celeration region demonstrating the importance of sec- 
ondary and backscattered electrons and ionospheric 
electrons as the charge carriers of upward field-aligned 
Currents. 
fect and/or the energy-degraded iffusion. Further, we 
cannot explain the V-shaped latitudinal dependence of 
K• by these processes. The large discrepancy be- 
tween K• and KTN suggests that magnetosPheric lec- 
trons carry only less than one half of upward currents, 
and that low-energy electrons are the charge carrier of 
the remain part of the upward field-aligned currents. 
The candidates for the low-energy electrons which con- 
tribute to the field-aligned currents are secondary, and 
backscattered electrons or thermal electrons originated 
from io.•osphere. The adiabatic theory predicts that 
both types of low-energy electrons cannot contribute 
field-aligned currents. However, these low-energy elec- 
trons can contribute to field-aligned currents under 
•nonadiabatic processes such as wave-particle interaction 
processes. This situation is shown schematically in Fig- 
ure 16. In the electron velocity phase space there is an 
inhibited region where magnetospheric and ionospheric 
electrons cannot enter [Chiu and Schulz, 1978]. How- 
ever, when electrons enter the inhibit region by non- 
adiabatic processes, they become trapped electrons be- 
tween•the ionosphere and the acceleration region be- 
cause of magnetic mirror force and upward parallel 
electric field. As demonstrated in the electron veloc- 
ity phase space distribution in Figure 3c, the Akebono 
particle data show that trapped electrons always exist. 
These trapped electrons may contribute to upward cur- 
rents by pitch angle scattering process. 
Another candidate for the carrier of upward currents 
is ionospheric electrons. As shown in Figures 4 and 
5, downward current regions always exist adjacent to 
the inverted-V acceleration region. The downward cur- 
rents are inferred to be carried by ionospheric electrons, 
though the upward fluxes of ionospheric electrons can- 
not be measured in the energy range of the Akebono 
LEP. If upward ionospheric electrons enter into the ac- 
celeration region, they can carry upward currents since 
these electrons precipitate again by potential drop. Tur- 
bulent electric fields whose scales are smaller than a 
electron gyroradius may cause the intrusion of upgoing 
ionospheric electrons from the edge of the inverted-V 
region into the cavity. 
Similarly, ionospheric electrons may contribute to the 
V-shaped latitudinal dependence of the field-aligned 
conductances Kj• or t•/•. Previous rocket measure- 
ments [e.g., Arnold•t, 1977; Stiles et al., 1980; Briining 
and Gocrtz, 1985] have shown that there are often 
much stronger field-aligned currents at the edge than 
in the center of auroral arcs, and that the increased 
upward currents at the edge are carried by electrons 
with energies lower than those in the center of the 
arc [e.g., Kaufmann et al., 1978]. The rocket data of 
Evans et al. [1977] and radar observations of Stiles et 
al. [1980] also indicated that upward current can be 
greater at the edge of arcs than within them. These 
rocket experiments suggest that the spatial structure 
of field-aligned conductance is V-shaped. To explain 
the increased field-aligned current at the edge of the 
arc, the following two models were proposed. The first 
model assumes that a complicated potential structure 
above an arc accelerates upgoing ionospheric electrons 
back to down to the ionosphere [Kauffman and Lud- 
low, 1981; Kaufmann, 1981], while the second model 
assumes an anisotropic source electrons with a "pan- 
cake" (TA_ > Tii ) distribution [Briining and Goertz, 
1985; Greenspan, 1989]. Although the results of these 
rocket experiments are similar to the results of this 
study, it is difficult to directly compare the observations 
at Akebono altitude (several thousand kilometers) with 
the observations at rocket altitudes. From the Ake- 
bono particle data, anisotropic source electrons with 
Tii/TA_ - 1/5 and number density of 20/cm aproposed 
by Briining and Goertz [1985] were not observed in the 
inverted-V region. Instead, the source electrons were 
almost isotropic. Therefore we cannot explain the in- 
creased upward currents at the edge of arc are as caused 
by highly anisotropic source electrons. 
For further discussion we have to examine the velocity 
space distribution functions of magnetospheric electrons 
in the inverted-V region in detail using the Akebono 
LEP data. Such a study will be performed in the future. 
15. Summary and Conclusions 
Using the high time resolution charged particle and 
magnetic field data observed by the Akebono satellite 
in the altitudes range of 4000-10,000 km, the spatial 
structures of parallel potential drops above and below 
the satellite and field-aligned currents in the inverted-V 
acceleration region were examined i n detail for 11 north- 
SAKANOI ET AL.: CURRENTS AND PARALLEL POTENTIAL DROPS 19,359 
ern orbits selected in the period from November 1989 to 
February 1990. The potential drop above the satellite 
was derived from the peak energy of downward elec- 
trons, while the potential drop below the satellite was 
derived from the energy-dependent widening of electron 
loss cone or the peak energy of upward ions. Using these 
methods, the precise latitudinal structures of the poten- 
tial drops above and below the satellite were obtained 
for 22 inverted-V events observed on 11 orbits. The 
results are summarized as follows. 
1. From a statistical study of 22 inverted-V events 
it is found that the latitudinal distribution of the to- 
tal potential drop •TOT, which is the sum of potential 
drops below and above the satellite, is characterized by 
a narrow V-shape structure with a width of 0.4ø-1.0 ø, 
and that the total potential drop is in the range of 1-10 
kV. 
2. Although the inverted-V potential region corre- 
sponds to the upward field-aligned current region, the 
latitudinal distribution of the upward current density 
Jl] is inverted-U-shaped rather than inverted-V-shaped. 
This means that both the linear field-aligned conduc- 
tance Kj•, (equal to Jii/•To•) and the corrected field- 
aligned conductance Kf• which is obtained using the 
full Knight's formula change with a V-shaped latitudi- 
nal dependence. In many cases Kf• values in the edge 
of the inverted-V region are found to be about 5-10 
times larger than those at the center. 
3. The field-aligned conductance K•v, which is in- 
dependently estimated from the number density and 
the thermal temperature of magnetospheric source elec- 
trons by fitting accelerated Maxwellian functions to 
electron energy spectrum above the peak energy, is 
found to be about 2-20 times smaller than Kf•. It 
is difficult to explain the large discrepancy between 
K•C• and K•N by the heating effect and/or the er- 
rors in the estimation of K•C• and K•v. It is sug- 
gested that low-energy electrons such as secondary and 
backscattered electrons or ionospheric electrons signifi- 
cantly contribute to upward field-aligned currents in the 
inverted-V region through nonadiabatic processes. 
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